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DECLARATION OF RANDY SCOTT. Ph.D. UNDER 37 C.F.R. S 1.132 

I, Randy Scott, Ph.D. declare and say as follows: 

1 . I hold a Bachelor or Science degree in Chemistry from Emporia State University 
rarchrPh.D. in Biochemistry fromtherU niversity of K ansas? 

2. I am Chairman and Chief Executive Officer of Genomic Health, Inc., a life 
science company founded in August of 2000 located in Redwood City, California, conducting 
sophisticated genomic research to develop clinically validated molecular diagnostics, which 
provide individualized information on the likelihood of disease recurrence and response to 
certain types of therapy. ' 

3. In 1991, 1 co-founded Incyte Pharmaceuticals, Inc., the World's first genomic 
information business. I served the company in multiple capacities, including Chairman of the 
Board from August 2000 to December 2001, President from January 1997 to August 2000, and 
Chief Scientific Officer from March 1 995 to August 2000. Under my leadership, Incyte has 
created the LifeSeq Gold® gene sequence and expression database, an industry standard and the 
most comprehensive collection of biological information in the world. I have also led Incyte to 
expand its focus beyond gene sequence databases to include the research and application of gene 
expression, SNPs (single nucleotide polymorphisms), and proteomics. 

4. I am an inventor on several issued patents, and authored over 40 scientific 
publications in the fields of protein biology, gene discovery, and cancer. 

5. My Curriculum Vitae is attached to and serves part of this Declaration. 

6. All statements made in this Declaration are based on my more than 1 5 years of 
personal experience with the DNA microarray technique and its various uses in the diagnostic 
and therapeutic fields, and my familiarity with the relevant art. 

7. The DNA microarray technology is based on hybridizing arrayed nucleic acid 
probes of known identity with target nucleic acid to determine the identity and/or expression 
levels (abundance) of target genes. DNA microarrays work by exploiting the ability of a given 



mRNA molecule to hybridize to the DNA template from which it originated. By using an array 
containing many DNA samples, scientists can determine, in a single experiment, the expression 
levels of hundreds or thousands of genes within a sample by measuring the amount of mRNA 
bound to each site on the array/The amount of mRNA bound to the spots on the microarray is 

precisely-measured^ne^^ 

8. DNA microarray analysis has been extensively used in drug development and in 
diagnosis of various diseases. For instance, if a certain gene is over-expressed in a particular 
form of cancer relative to normal tissue, researchers use microarray chips to determine whether a 
drug candidate will reduce over-expression, and thereby cause cancer remission. In addition, if a 
gene has been identified to be over-expressed in a certain disease, such as a certain type of 
cancer, it can be used to diagnose that disease. Due to its importance in drug discovery and in 
the field of diagnostics, microarray technology has not only become a laboratory mainstay but 
also created a world-wide market of over $600 million in the year of 2005. A long line of 
companies, including Iricyte, Affymetix, Agilent, Applied Biosystems, and Amersham 
Biosciences, made microarray technology a core of their business. 

9. Correlation between mRNA and protein levels can be assessed by a variety of 
methods suitable for measuring protein expression levels, including, for example, SDS- 
polyacrylamide gel electrophoresis (SDS-PAGE), two-dimensional fluorescence-difference gel 
electrophoresis (DIGE), mass spectrometry approaches, microsequencing, and a combination of 
these and similar known techniques, however, direct measurement of protein expression levels 
remains non-trivial. 

1 0. One reason for the success and wide-spread use of the DNA microarray 
technique, which has led to the emergence of a new industry, is that generally there is a good 
correlation between mRNA levels determined by microarray analysis and expression levels of 
the translated protein. Although there are some exceptions on an individual gene basis, it has 
been a consensus in the scientific community that elevated mRNA levels are good predictors of 
increased abundance of the corresponding translated proteins in a particular tissue. Therefore, 
diagnostic markers and drug candidates can be readily and efficiently screened and identified 
using this technique, without the need to directly measure individual protein expression levels. 



11. I farther declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Gede r an<^thateueh-wil]&J^ 

Date: August / / , 2006 
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EDUCATION: 

1979 B.S., Chemistry, Emporia State University, Emporia Kansas 
1 983 Ph.D., Biochemistry, University of Kansas, Lawrence Kansas 

WORK EXPERIENCE: 

2000-present GENOMIC HEALTH, INC., Cofounder 

Chairman & CEO, (2000-present) 

Founded a new genomics company and raised over $100 million to bring 
personalized medicine to clinical practice. Selected by Red Herring Magazine 
as one of the Top 1 00 private technology companies in North America in 2005 

1991-2000 INCYTE, Cofounder 

Chairman of the Board (2000-2001) 

Helped lead the transition to a new management team and transition to drug 
development 

President and Chief Scientific Officer (1997-2000) 
Responsible for Research & Development, Operations, Marketing & Sales. 
Built the world's first genomic information business with peak sales of over 
$200 million per year including 19 out of the worlds top 20 pharmaceutical 
companies as subscribers 

Vice President and Chief Scientific Officer (1991-1997) 

Built recombinant DNA therapeutic product portfolio and led the launch of the 

genomics business 

1985-91 IN VITRON CORPORATION 

Sr. Director of Research (1998-1991) 

Responsible for Research & Development. 

Director of Protein Biochemistry (1985-1988) 

Responsible for building the protein purification group for a cGMP 

... _ „ manufacturing facility producing recombinant proteins, including monoclonal 

antibodies, tPA and Factor VIII. 

1983-85 UNIGENE LABORATORIES, Fairfield, New Jersey 

• Sr. Scientist. Dept. of Protein Biochemistry 

Led effort to work on IgA proteases linked to meningococcal infections 

OTHER EXPERIENCE: 

2005- Present AMERICAN CLINICAL LABORATORY ASSOCIATION 

• Member. Board of Directors 

1 997-2000 DIADEXUS, INC., Cofounder 

Member. Board of Directors. (1997-2000) 

Worked with George Poste (CSO, SmithKline, Beecham) to establish a 
diagnostics joint venture between Incyte and SmithKline 



Awards: 

2001 Genome Technology Magazine 2001 All-Star 

1999 Forbes Magazine list of Biotech's Top 25 Influential Insiders 



1997 Ernst & Young/NASDAQ Silicon Valley Entrepreneur of the Year for Life Sciences 

1 987 Small Business Innovation Research Grant Award (Principal Investigator): "Azurophil-Derived 

Bactericidal Factor" Grant # SSS-5 (K) 1R43AI24409-01 1987 
1983 Phillip Newmark Research Award, University of Kansas, 1983 
1982 Borgendale Graduate Seminar Award, University of Kansas. 

Publications: 

Low, D.A., Cunningham, D.D., Scott, R.W., and Baker, J.B., "Interactions of Serine Proteases with Human 
Fibroblasts: Regulation by Protease Nexin, A Cellular Component with Similarities to Antithrombin III." in 
Receptor-Mediated Binding and Internalization of Toxins and Hormones (Middlebrook, J.L. and Kohn, 
L.S. eds.) pp. 259-270, Academic Press, New York (1982). 

Low, D.A., Scott, R.W., Baker J.B., and Cunningham, D.D., Cells Regulate their Mitogenic Response to 
Thrombin through Release of Protease Nexin. Nature 298, 476-478 (1982). 

Scott, R.W. /'Purification, Characterization, and Functional Studies of Protease Nexin." Ph.D. Thesis, 
. University of Kansas (1983). 

Scott, R.W., Eaton, D.L., Duran, N. and Baker, J.B. Regulation of Extracellular Plasminogen Activator by 
Human Fibroblasts. The Role of Protease Nexin. J Biol. Chem. 258, 4397-4403 (1983), 

Scott, R.W., and Baker, J.B., Purification of Human Protease Nexin. J.Biol. Chem. 258. 10439-10444 
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Scott, R.W., Bergman, B., Bajpai, A., Hersh, R., Rodriquez, H., Jones, B.N., Barreda, C, Watts, S., and 
Baker, J.B. Protease Nexin: Properties and a Modified Purification Procedure. J.BioL Chem. 7029-7034 
(1985). 

Bergman, B.L., Scott, R.W., Bajpai, A., Watts, S., and Baker, J.B., Inhibition of Tumor-Cell Extracellular 
Matrix Destruction by a Fibroblast Proteinase Inhibitor, Protease Nexin I. Proc. Nat. Acad. Sci. 83, 996- 
1000(1986). 

Cance, W.G., Wells, S.A., Dilley, W.G., Welch, M.J., Otsuka, F.L., Scott, R.W., and Davie, J.M., Unique 
Parathyroid Membrane Antigen(s): Radiolocalization with Specific Monoclomal Antibodies. Surgical 
Form 37, 410-412 (1986). 

Scott, R.W., Duffy, S.A., Moellering, B.J., and Prior, C, Purification of Monoclonal Antibodies from 
Large-Scale Mammalian Cell Culture Perfusion Systems. Biotechnology Progress 3, 49-56 (1987). 

Baker, J.B., McGrogan, M., Simonsen, C.C., Scott, R.W., Gronke, R.S. and Honeyman, A., "Protease 
Nexin I. Structure and Potential Functions." In The Pharmacology and Toxicology of Proteins, 
Winkelhake, J.L., Holcenberg, J.S., eds., Alan R. Liss, Inc., New York, (1987). 

Scott R.W., "Large-scale Production of B ^pharmaceuticals from Mammalian Cells" in Clinical 
Applications of Genetic Engineering (Larry C. Lasky and JoAnn Edwards-Moulds eds.) American 
Association of Blood Banks, Arlington, Virginia (1987). 

McGrogan, M., Kennedy, J., Li, M.P., Hsu, C, Scott, R.W., Simonsen, C.C., and Baker, J.B., Molecular 
Cloning and Expression of Two Forms of Human Protease Nexin I, Bio/Technology 6: 172 (1988). - 

Otsuka FL, Cance WG, Dilley WG, Scott RW, Davie JM, Welch MJ, Wells SA Jr., A Potential New 
Radiopharmaceutical for Parathyroid Imaging: Radiolabeled Parathyroid-specific Monoclonal Antibody -I. 



Evaluation of 125-I-labeled Antibody in a Nude Mouse Model System, Int. J. Rad. AppL Instrum. B. 
15:305-11, 1988 

Otsuka FL, Cance WG, Dilley WG, Scott RW, Davie JM, Wells SA Jr., Welch MJ A Potential New 
Radiopharmaceutical for Parathyroid Imaging: Radiolabeled Parathyroid-specific Monoclonal Antibody - 
II. Comparison of 125-1 and 11 1 -In-labeled Antibodies. Int. J. Rad. Appl. Instrum. B. 15:305-11-, 1988 

Prior, CP., Doyle, K.R., Duffy, S.A., Hope, J.A., Moellering, B.J., Prior, G.M., Scott, R.W. and Tolbert, 
W.R. The Recovery of Highly Purified Biopharmaceuticals from Perfusion Cell Culture Bioreactors. J. 
Parenteral Science and Technology 43: 15-23 (1989). 
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Gabay, J., Isolation of a Complementary DNA Clone Encoding a Precursor to Human Eosinophil Major 
Basic Protein. J. Exp. Med. 168: 2295-2308 (1988). 

. Wilde, C.G., Griffith, J.E., Marra, M.N., Snable, J.L. and Scott R.W., Purification and Characterization of 
Human Neutrophil Peptide 4, a Novel Member of the Defensin Family, J. Biol. Chem. 264: 1 1200-1 1203 
(1989). 
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Identification of putative oncogenes in lung adenocarcinoma 
by a comprehensive functional genomic approach 

R Li'. H Wang\ BN Bekefc* Z Yin\ NP Caraway', RL Katz', SA Stass« and F Jiang^ 
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Amplification and ovcrexpression of putative oncogenes 
confer growth advantages for tumor development. We 
used a functional genomic approach that integrated 
simultaneous genomic and transcript microarray, proteo- 
mics, and tissue microarray analyses to directly identify 
putative oncogenes in lung adenocarcinoma. We first 
identified 183 genes with increases in both genomic copy 
number and transcript in six Jung adenocarcinoma cell 
lines. Next, we used two-dimensional polyacrylamide gel 
electrophoresis and mass spectrometry to identify 42 
proteins that were overexpressed in the cancer cells 
relative to normal cells. Comparing the 183 genes with 
f 42 proteins, we identified four genes - PRDXI 
EEFIA2, CALX, and KCIP-I - in which elevated protein 
expression correlated with both increased DNA copy 
number and increased transcript levels (all r>0.84, two- 
sided />< 0.05). These findings were validated by South- 
<™1 *?" ncrn ' and Western blotting. Specific inhibition of 
„ . and KCIP-I expression with siRNA in the four 
cell lines tested suppressed proliferation and induced 
apoptosis. Parallel fluorescence in situ hybridization and 
immunohistochemkal analyses of EEFI .42 and KCIP-I in 
tissue microarrays from patients with lung adenocarcinoma 
showed that gene amplification was associated with high 
prote i n expression for hn th ? x vnn » nH ih*t r™t?m 
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ovcrexpression was related to tumor grade, disease stage, 
Ki-67 expression, and a shorter survival of patients. The 
amplification of EEFIA2 and KCIP-I and the presence of 
overexpressed protein in tumor samples strongly suggest 
that ihesc genes could be oncogenes and hence potential 
targets for diagnosis and therapy in lung adenocarcinoma. 
Oncogene (2006) 25, 2628-2635. doi: 10. 1038/sj.onc. 1209289- 
published online 12 December 2005 

Keywords: lung cancer; microarrays; proteomics; tissue 
microarray 
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Introduction 

In lung adenocarcinoma, as in other types of cancer, 
gene amplification and the consequent overexpression of 
the amplified oncogene play an important role in the 
development of tumors, because their overexpression 
confers a growth advantage. The ability to identify 
putative oncogenes that are activated during tumorigen- 
esis could facilitate the choice of molecular genetic 
targets for diagnosis and therapy of the disease. This 
concept has been exemplified by HER-2, which was first 
found to be amplified in neuroblastomas and subse- 
quently shown to be associated with poor prognosis in 
breast cancer (Ross and Fletcher, 1999). Now, HER-2 
aberrations are used as a predictor of response to 
therapy, and treatment of HER.2-positive breast cancer 
with the monoclonal anti-HER-2 antibody trastuzumab 
has been shown to improve prognosis (Ross and 
Fletcher, 1999). Emerging evidence of common ampli- 
cons in lung adenocarcinomas (Luk el ai, 2001; Jiang 
ei ul. % 2004; Tonon et a/., 2005) suggests that additional 
oncogenes remain to be identified; however, conven- 
tional techniques are ineffective in pinpointing such 
oncogenes. Parallel measurement of DNA copy number 
■ and mRNA levels i n cDNA m i croarrays perm its— 
changes in copy number to be compared with transcrip- 
tion levels on a gene-by-gene basis to generate lists of 
candidate genes within the defining amplicons (Hyman 
ei al. f 2002; Pollack et ai y 2002). However, use of 
transcript patterns does not allow assessment of the 
expression of protein products or identification of proio- 
oncogenes. Another approach, identifying differentially 
expressed proteins by proteomic analysis and then 
comparing the proteins present with mRNA expression 
m cDNA microarrays from the same specimens, can 
clarify the extent to which changes in transcript patterns 
rellect changes in their cognate proteins and post- 
transcnptional mechanisms (Chen et al. y 2002), but this 
approach cannot be used to identify oncogenes driven 
by extensive increases of their gene copy number. 
Moreover, using individual microarrays or proteomic 
approaches alone cannot distinguish the cancer-driving 
oncogenes that directly propel tumor progression from 
the larger number of passenger genes that may be 
concurrently over-represented but are not biologically 
relevant in tumor development. 
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In this study, we used a comprehensive approach that 
integrated simultaneous comparative genomic hybridi- 
zation (CGH)and transcript microarray with proteomic 
analyses of six lung adenocarcinoma cell lines. We 
directly and specifically identified four putative onco- 
genes that could have been activated ihrdugh amplifica- 
tion and consequent elevation of transcript expression 
We used small interfering RNA (siRNA) to inhibit the 
expression of two of these four genes in the lung cancer 
cell lines, which further implicated them in oncogenesis 
We then explored the clinical significance of these 
findings by assessing the expression of these two genes 
in tissue microarrays of human lung cancer specimens. 
Our findings underscore the power of integrated 
functional genomic analyses for identifying putative 
oncogenes in lumorigenesis; such activated genes could 
be usclul as targets for diagnosis or therapy in lung 
cancer. ° 



Results 

Simultaneous global genomic and transcript analyses 
identify 183 genes with increases in genomic copy 
numbers and transcript expression levels 
To identify genes in which increased DNA copy number 
might contribute to increased transcript in lung adeno- 
carcinomas, first we used CGH with microarrays of six 
lung adenocarcinoma cell lines. We identified 587 genes 
showing increases in DNA copy number across all six 
cell lines (Supplementary Table IS), which were 
distributed as 90 amplicons on all chromosomes except 
for chromosomes 13 and Y (Supplementary Table 2S). 
A subsequent transcript test with the identical arrays of 
the same cell lines revealed 275 genes that showed 
increased mRNA levels (Supplementary Table 3S). 
Using random permutation tests across all cancer cell 
lines, we identified 183 genes (31%) that showed 
elevated transcript levels from the 587 genes that were 
over -r epr e s en ted i n t h e gen o me (Table 1), suggesting - 



that elevated transcript levels of the 183 genes may 
reflect their genomic over-representation in the cancer 
cells. These findings are consistent with previous reports 
linking genomic changes with altered transcript patterns 
m breast cancer (Hyman el al y 2002; Pollack et a/.. 
2002). However, our finding that only 31 % of the genes 
showing increased DNA copy numbers had cognate 
increases in transcript expression in lung adenocarcino- 
mas is different from the overall rates of 40-60% 
reported for breast cancer (Hyman et ai.„ 2002; Pollack 
ei al. y 2002). This discordance may reflect methodologic 
differences beLween studies or biological differences 
between breast cancer and lung adenocarcinoma. 

Prof comic analyses identify four genes for which protein 
abundance was associated w ith increases in the cognate 
gene and transcript levels 

Analysis of transcript patterns is insufficient for under- 
standing the expression of protein products and the 
cllcci of genomic ovcr-rcprcsciuaiion on the expression 



of their cognate proteins. To extend these findings 
ocyond genomic over-representation to expression of 
the protein products of those genes, we next assessed 
protein expression in the same cell lines by two- 
dimensional polyacrylamide gel electrophoresis (PAGE) 
and found that 42 different proteins, representing 42 
individual genes, were significantly increased in the 
cancer cell lines (Table 2; Supplementary Figures IS and 
2bl Some of these proteins were identified as having 
multiple isoforms, and alt individual isoforms exhibited 
increases in expression ranging from 4.6 to 12.8 times 
their expression in normal lung tissue cells. In compar- 
ing protein level of the 42 genes with changes in their 
cognate genomic and mRNA expression from the global 
microarray analyses, we found that four (9.5%) of those 
42 genes - PRDXI, EEFIA2, CALR, and KCIP-I - 
showed statistically significant correlations between 
elevated protein expression and increases in both copy 
?~™, er * nd mRNA expression (all r>0.84; /><0.05) 
(Table 2) in the cancer cell lines. These findings imply 
that the abundance of these four proteins is attributable 
to the amplification and consequent elevated transcrip- 
tion of their cognate genes. 

Validation of copy number, transcript, and protein 
expression of PRDXI. EEFIA2. CALR. and KCIP-I 
in lung cancer cell lines 

To confirm our findings from the high-throughput 
analyses, we next used Southern, Northern, and Western 
blotting to assess DNA, RNA, and protein levels for the 
four genes identified in the six cell lines. For compar- 
ison, we arbitrarily chose one gene, NFKBl, in which an 
increase in protein level did not correlate with genetic 
changes. Overall, we found excellent concordance 
between the CGH microarray and Southern blottiug 
analyses, transcript array and Northern blotting ana- 
lyses, and proteomic and Western blotting analyses for 
all hve genes (Figure I). For example, KCIP-I showed 
fivefold amplification in five of the six r a n ^ r cell lines 
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whereas NFKBI showed no such increase in any of the 
cell lines. As for transcript expression, Northern blotting 
of EEFIA2 showed high expression in five of the six 
cancer cell lines; again, levels of NFKBI transcript were 
not increased in any cancer cell line as compared with 
normal bronchial epithelial cells. The results of Western 
blotting were also consistent with the results of the 
proteomic experiments; for example, five of the cancer 
cell lines exhibited strong protein bands for PRDXI as 
compared with normal cells. These findings provide 
strong support for the validity of the results derived 
from the high-throughput techniques in this study. 

These parallel analyses also revealed close correla- 
tions in the extent of changes in gene copies, transcript, 
and protein of each of the four genes in the cancer cell 
lines. For example, in the five cancer cell lines that 
showed at least fourfold increases in EEFIA2 copy 
number, expression of transcript and protein was also 
increased by at least a factor of four as well (relative to 
their expression in normal cells) (Supplementary Figure 
3S). The protein abundance of the four genes showing 
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Table I (continued) 



Gene svmhal 



Chro. 



I'.NOI 


1 


ddost 


1 


M'N 


1 


.VII l> 


1 


AK Rl AJ 


1 


PRDXI 


1 


vqc:rh 


] 


RPL7 


1 


COLIIAI 


1 


MCLI 


1 


PSMfM 


1 


JTB 


1 


RPS27 


1 


HAXI 


1 


MUCI 


1 


C:CT3 


1 


ORABP2 


■ 1 


TKT 


1 


ATPIBI 


1 


CIIITI 


1 


SNRPB 


1 


YWHAQ 


2 


ODCI 


2 


RPL3I 


2 


BENE 


■y 


STAT 1 


2 


HSPDI 


2 


HSPEI 


2 


RPL37A 


2 


IGFBP2 


2 


RPS7 


2 


KAHIA 


2 


ICJKC 


2 


I.TF 


3 


PFN2 


3 

:\ 


KPNA4 


SI OOP 


4 


UGDH 


4 


UCHLI 


4 


SPPI 


4 


TRIM2 


4 


FGB 


4 


F(.;c 


4 



PDCD6 

CCT5 

PTPRF 

RPL37 

BNCI 

QP-C 

SPINK I 

CANX 

SOX4 

HDGF 

RPSIO 

RPUOA 

VEGF 

OSF-2 

l-'SCNI 

CYCS 

CBX3 

IGFBP3 

(XON4 

MSPHI 

CALR 

COLIA2 

ATP5J2 

AKiwnin 



5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 



8.5 
20.1 
26.4 
32.2 
45.4 
45.4 
46.2 
96.4 
102.6 
147.3 
148.1 
150.7 
150.7 
151 
151.9 
153.1 
153.4 
159.3 
165.8 . 
199.7 
200.2 
9.6 
10.60 
101.20 
110.40 
191.80 
198.30 
198.30 
217.30 
217.50 
3.30 
65.30 
89.00 
46.3 
151 
161.5 
6.7 
39.3 
41.1 
89.3 
154.7 
156 
-L56 



0251 
0.305 

10.3 

14.2 

40.8 

74 

1.32.2 
147.2 
179.2 
21,7 
22.6 
34.6 
35.4 
43.7 - 
45.4 
5.3 
24.9 
25.9 
45.7 
72.7 
75.5 
92.7 
93.6 
98.7 
133.6 



0.0085 

0.01! I 

0.0113 

0.0114 

0.0128 

0.0122 

0.0125 

0.0127 

0.0129 

0.0222 

0.0131 

0.0134 

0.0135 

0.0266 

0.0143 

0.0167 

0.0148 

0.0152 

0.0234 

0.0154 

0.0165 

0.0159 

0.0119 

0.0161 

0.0169 

0.0175 

0,0277 

0.0185 

0-038S 

0.0189 

0.0193 

0.0204 

0.0285 

0.0455 

0.0207 

0.0211 

0.1122 

0.0215 

0.0222 

0.0227 

0.0231 

0.0235 

a 044 1 



DLuance from p ami ofettvh 
chrmuaxonw (Mh) 



0,0243 

0.0245 

0.0446 

0.0248 

0.0251 

0.0336 

0.0466 

0.0256 

0.0263 

0.0321 

0.0362 

0.0177 

0.0369 

0.0372 

0.0173 

0.0378 

0.0381 

0.0289 

0.0389 

0.0403 

0.0433 

0.O42S 

0.0457 

0.O475 

0.O4SI 



RPS20 

TCEBI 

LAPTM4B 

RPL30 

KCIP-I 

PABPCI 

EEFID 

TSTA3 

RPL8 

TRAI 

RPL35 

HSPA5 

LCN2 

DPP7 

PFKP 

AKRICl 

PLAU 

DSP 

TALDOI 

SLC22AIL 

TSSC3 

RPL27A 

ST5 

LDHA 

MDK 

DOC-IR 

MMP12 

HYOUI 

SCNNIA 

LDHB 

KRT7 

KRT5 

KRT6E 

ERBB3 

NACA 
TM4SF3 
NTS 
ASCL1 
TXNRDI 
CK.AP4 
COX6AI 
BGN 
RAN 
-R*b36A 



PGD 

THBS2 

TRAF4 

SPINTI 

RPLI7 

PKM2 

IDH2 

RP1.23A 

MSLN 

UBE2! 

RPS2 

CLDN9 

ARL6IP 

EIF3S8 

TUFM 

ALDOA 

NME4 

GPR56 

CDHI 

NQOI 

ST-C7A5 

APRT 

GALNS 

RPCI3 

MCP 



8 
8 
8 
8 
8 
8 
8 
■8 
8 
9 
9 
9 
9 
9 
10 
10 
10 
10 
II 
II 
II 
II 
II 
II 
II 
II 
11 
II 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
-4+ — 



14 
15 
15 
15 
15 
15 
15 
16 
16 
16 
16 
16 
16 
16 
16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

17 



56.7 
74.6 
98.5 
98.7 
101.6 
101,78 
144.4 
144.5 
145.6 
117.1 
121. 1 
121,5 
124.4 
133.4 
3.2 
5.1 
75.6 
76,7 
0.434 
2.9 
2.9 
8.7 
8.8 
' 18.5 
46.4 
67.5 
102.8 
1 18.9 
6.3 
21.7 . 
52.3 
52.6 
52.6 
56.2 
56.8 
71.2 
86.2 
103.3 
104.6 
106.6 
120.7 
122.5 
129.88 
-48d 



rl — 
50.7 
37.5 
38.3 
38.7 
45.26 
70; I 
88.2 
0.377 
0.753 
1.3 
I .95 
3.1 
18.7 
28.3 
28.9 
30.1 
53.6 
57.4 
68.5 
69.5 
87.6 
88.6 
88.6 
H9.3 
32.4 



0.0482 
0.0486 
0.0497 
0.0054 
0.0093 
0.0119 
0.0121 
0.0122 
0.0128 
0.0136 
0.0133 
0.0135 
0.0137 
0.0139 
0.0223 

0.0146 

0.0356 

0.0289 

0.0143 

0.0151 

0.0611 

0.0156 

0.0 T62 

0.0168 

0.0162 

0.0167 

0.0177 

0.0183 

0,0185 

0.0193 

0.0196 

0.0197 

0.0201 

0.0212 

0.0218 

0.0401 

0.0215 

0.0219 

0.0223 

0.0124 

0.0435 
0.0235 
0.0238 
002 4 3 — - 



0.0248 
0.0251 
0.0253 
0.0254 
0.0411 
0.0258 
0.0211 
0.0264 
0.0366 
0.0271 
0.0281 
0.0329 
0.0412 
0.0336 
0.0377 
... 0.038 
0.0381 
0.0386 
0.0289 
0.0396 
0.0397 
0.0411 
0.0255 
0.0431 
0.0465 
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Gene symbol Chro. Dixumvv from /> mm of each 

rhmmtmonut (Mb) 



FRUB2 

JUP 

CRF 

RI>L27 

NMEI 

COMA I 

A BCC3 

NMK2 

KI>Uft 

SMTJH2 

SYNOR2 

LGALS3BI> 

P4HB 

PPAP2C 

GPr 

HPN 

ZNFI4A 

SPINT2 

PSMDX 

YIFIP 

RPSIA 

CEACAM5 

CEACAM6 

GIPR 

SNRPD2 

K DELHI 

RPL28 

RPS5 

TRIM2K 

OAP 

TOPI 

UBL2C 

RPS2I 

EF.FIA2 

TFF.1 

TFFI 

CSTB 

MIF 

XUPI 

PRDX4 

SYNI 

TIMPI 

PLP2 

MAfiEOI 



RPS4X 
SSR4 



17 
17 
17 
17 
17 
17 
17 
17 
' 17 
17 
17 
17 
17 
19 
19 

»y 

19 
19 

iy 

19 

IV 

19 

19 

19 

19 

19 

19 

19 

19 

20 

20 

20 

20 

20 

21 

21 

21 

22 

22 

X 

X 

X 

X 



X 
X 



.15.11 
39.8 
40.39 
41.1 
46.59 
44.6 
49.1 
49.6 
72.7 
73.6 
76.6 
77.4 
80.3 
0.221 
39.55 
40.2 
41.4 
43.4 
43.5 
43.5 
44.6 
46.9 
46.9 
50.8 
50.9 
53.6 
60.6 
63.6 
63.7 
35.6 
40.3 
411 
61.6 
62.8 
42.6 
42.7 
44.) 
22.6 
27.5 
22.9 
46.3 
46.3 
47.8 



71 

152.6 



0.0483 

0.0495 

0.0505 

0 0046 

0.0082 

0.0108 

0.0326 

O.Otll 

0,0117 

0.01 19 

0.0122 

0.0127 

0.0126 

0.0228 

0.0145 

0.0129 

0.0131 

0.0238 

0.0132 

0.0135 

0.0144 

0.0145 

0.0143 

0.0259 

0.0413 

0.0152 

0.0156 

0.0267 

0.0158 

0.0166 

0.0172 

0.0174 

0.0268 

0.0185 

0.0186 

0.0192 

0.0201 

0.0202 

0.0204 

0.0108 

0.0204 

0.0209 

0.0212 

0,0331 



0.0124 
0.0232 



corresponding increases in both DNA copy number and 
mRNA provides further evidence that these could be 
oncogenes, rhe activaLion of which is reflected by 
genomic amplification and consequent increases in 
transcript level in lung adenocarcinoma cell lines. 

Specific inhibition of EEFIA2 and KClP-f expression hy 
stKNAs fed to decreased ceil proliferation and induction of 
apoptosis 

To further prove (he oncogenic function of the identified 
genes in lung tumorigenesis, we used siRNAs to inhibiL 
the endogenous expression of EEFIA2 and KCIP-1 
protein in four lung cancer cell lines (H I 563, H229, 
H5.2 imd SK-LU). Transection of the cancer cells with 
specific siRNAs reduced the level of FEFIA2 and 
K.CJP-1 protein by 70-90% 48 h after transfection 



(Supplementary Figure 4S). In contrast, EEFIA2 and 
KClP-l protein levels remained unchanged in mock- 
treated control cells and in cells transfected with a 
scrambled siRNA sequence. At 48 h after siRNA 
transfection, the percentage of proliferation of the 
transfected cancer cells was reduced to 15-30% as 
compared with 91-100% of cell proliferation of the 
same cell lines treated with PBS or scrambled siRNA 
(Supplementary Figure 5S). Apoptosis of siRNA- 
transfected cells was 27-34%, whereas only 4% of the 
same cell lines treated with PBS or scrambled siRNA 
showed apoptosis. These results strongly support an 
oncogenic role for the identified genes in lung cancer and 
confirm their potential usefulness as therapeutic targets 
for the disease. 



Amplification and protein expression of KCtP-l and 
EEFIA2 in lung tissue 

To further validate these findings and to assess the 
possible clinical significance of the four potential 
putative oncogenes identified from the cell lines, we first 
applied fluorescence in situ hybridization and immuno- 
histochemicai analysis, in parallel, to commercially 
available human lung tissue microarrays (Ambion, 
Austin, TX, USA) to evaluate the status of two of these 
four genes in lung cancer tissue specimens. (Commer- 
cially available antibodies to PRDXI or CALR were 
not suitable for use in immunohistochemicai analysis 
when this report was written.) Overexpression of KCIP- 
I and EEFIA2 protein in the tumors was concordant 
with amplification of the corresponding genes 
= 0.0003 for KCIP-i and /> = 0,001l for EEFIA?) 
For example, 16 (35%) of the 46 lung adenocarcinomas 
in the microarray showed amplification of KCIP-l. and 
strong cytoplasmic staining for KCIP-1 protein was seen 
m 18 tumors (39%) (Figure 2). We next examined 
whether overexpression of these genes was associated 
with increased cell proliferation by analysing Ki-67 
^fifessio n i n contiguous sect i ons of t h e tiasuc micro - 
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arrays. Positive Ki-67 expression was found to correlate 
with positive expression of both KCIP-1. (Pa 0.02) and 
EEF1A2 (/> = 0.0I). To extend these findings, we then 
studied 1 1 tissue microarray blocks comprising normal 
and tumor tissue specimens from 113 patients with 
pathologic stage I non-small-cell lung cancer who had 
undergone curative surgery (Wang et aL, 2005). 
Immunohistochemicai analysis showed that EEFIA2 
was expressed in 32 cases (28%) and KCIP-1 in 29 cases 
(26%). Univariate and multivariate Cox proportional 
hazards models were used to detect possible associations 
between EEFIA2 and KCIP-1 expression and clinico- 
pathologic variables. Expression of EEFI A2 or KCIP-1 
was associated with short overall survival time 
(P = 0.00l2 for EEF1A2 and />=0.0026 for KCIP-1) 
(Supplementary Figure 6S). Age at diagnosis, histologic 
type or cancer, degree of tumor differentiation, and 
smoking history were not associated with survival lime. 

Although only two genes were validated in the lung 
tissue microarrays (because available antibodies to 
the other two genes were not suitable for use in 
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P07237 
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P2664I 
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1*09382 

092784 

P54257 

P05783 

P05787 

P00738 

P09769 

PI 9X38 

P29034 

013105 

Q00987 

P278I6 

P.* 2 732 

P25205 

1*0X63 1 

PCJ9237 . 

P 10305 

P50290 

PMS86 

P6J000 

P07437 

P24864 

P04I4I 

P2X072 

PUCK 5 2 



Q030I3 
P6324I 



5052 
1917 
811 
7534 
5034 
3872 
2950 
3486 
1937 
3880 
3315 
5230 
5876 
3055 
3956 
8110 
9001 
3875 
385ft 
3240 
2268 
4790 
6273 
7709 
4193 
4134 
3332 
4172 
3055 
4316 
994 
998 
387 
5879 
203068 
898 
1437 
5694 
216 

2948 
1984 
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PKDXI 
I;til-IA2 
CAI.R 
KCIP-I 
P4HB 
KRTI7 
GSTPI 
IGFBP-3 
CEFIG 
KRTI9 
HSPDI 
PGKI 
TAGLN 
JTK9 
UiALSI 
OPF3 
HAPI 
KRTI8 
KRT8 
HP 
PGR 
NFK B I 
SI00A2 
ZBTBI7 
MDM2 
MAP4 
KIFII 
MCM3 
HCK 
MMP7 
CDC25B 
CDC42 
"RHOA 
RACI 
TUBB 
CCNEI 
CSF2 
PSMB6 
ALO- 
HIAI 
GTM4 
EIF5A 



48.4/5.4 
50.5/5.7 
61/5.5 
27/6.5 
54/6.2 
48.0/4.9 
23.2/4.7 
31.6/5.8 
50/6.4 
44.1/5.2 
22/6.5 
44.5/4.2 
22.5/4.3 
59.5/6.8 
16/5.5 
25.8/4.8 
75.5/6.5 
48/5.3 
9.2/4.4 
55.2/6.2 
59.5/5.2 
50.4/6.3 
10.9/4.6 
X7.9/5.3 
75.2/4.8 
1 1 1/5.4 
1 19.2/6.2 
90.9/5.5 
59.5/5.7 
22.6/5.8 
64.9/4.5 
21.3/6.] 
19.8/6.9 
21.5/6.8 
49.6/6.5 
47.1/4.3 
16.9/6.3 
25.3/5.2 
54.7/4.3 

25.3/5.0 
JO/4.1 



Pcroxiredo.xin I 
Uukaryotic translation elongation factor I alpha *> 
Culrcliculin 

Tyrosine 3-nmnooxygenasc activation protein, zetu 
Procollagen-proline, 2-oxoglutarate 4-dioxyijenasc 
Keratin 17 

Giuialhionc ^-iransfcmsc pi 
Insulin-like growth-factor binding protein 3 
Eukaryotic translation elongation factor I gamma 
Keratin 19 

Heat shock 27 k Da protein I 
Phosphoglycerute kinase I 
Transgclin 

Hemopoietic cell kinase 

Ga lectin- 1, galacioside-binding. soluble, I 

D4, zinc and double PHD -lingers, family 3 

Huntingt on-associated protein I 

Keratin 18 

Keratin 8 

Haptoglobin 

Gardner-Rasheed feline sarcoma viral oncogene homoloa 
Nuclear factor or kappa light gene enhancer in &<clls I 
SI 00 calcium-binding protein A 2 
Zinc-finger and BTB domain containing 17 
Transformed 3T3 cell double minute 2 
Microiubulc-axsociated protein 4 
Kincsin family member II 
Minichromo&ome maintenance deficient 3 
Hemopoietic cell kinase 
Matrix metal loprotcinasc 7 
Cell division cycle 25B 

Cell division cycle 42 (GTP-binding protein, 25kl)a) 
Ras homolog gene family, member A 
Ras-relatcd C3 botulinum toxin substrate I 
Tubulin, beta polypeptide 
Cyclin HI 

Colony stimulating factor 2 (granulocyte-macrophage) 
Proteasome (prosome, macropain) xubunit, 5eta type 6 
Aldehyde dehydrogenase I family, member A I 

Glutathione transferase M4 

Eukaryotic translation initiation f:.n » r <j t \ 



0,92364 
0.90218 
0.8412* 
0.84467 
0.91884 
0.00236 
0.84218 
0.06412 
0.00446 
-0.04884 
0.00364 
0.50402 
-0.34128 
-0.01446 
0.026623 
0.094884 
0.12364 
0.0 102 18 
0.041280 
0.044679 
0.031264 
0.04467 
0.87964 
-0.17636 
-0.19782 
0.25872 
-0.25778 
0.25644 
0.65533 
0.234987 
0.045116 
-0.47636 
-0.49782 
-0.05583 
0.255533 
-0.65116 
-0.64636 
-0.69782 
-0.75872 

-0.78533 



LFABP 18.0/4.2 Fatty acid-binding protein 5 
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0.91892 
0.89456 
0.86434 
0.85499 
0.76786 
0.86892 
0.69456 
0.16434 
0.85549 
0.86786 
0.31892 
0.79456 
-0.26434 
0.02549 
0.01123 
-0.03214 
-0.08108 
0.60544 
0.84566 
-0: 1 450 1 
-0.13789 
-0.14501 
0.243214 
0.048108 
-0.50544 
-0.05356 
-0.53444 
0.0S3666 
0.054501 
0.876820 
0.283214 
0.088108 
-0.00544 
-0.03566 
0.145010 
0.232149 
-1.28108 
-1.30544 
0 03356 

0.134501 
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immunohisiochemical analysis), ihcsc findings arc con- 
sistent with ihosc from our cell lines, demonstrating 
again ihai genomic amplification and consequent 
increases in amounts of transcript may be. at least in 
part, driving the abundance of proteins in these lung 
tumors. The association between expression of these 
genes and that of Ki-67. a known indicator or poor 
prognosis in lung canccr (Martin el al., 2004), suggests 
(hat act.vai.on of these genes may be an indicator of 
tumor aggressiveness. These results also suggest that 
expression of EEFI A2 and KCIP-I proteins in stage I 
non-small-cell lung cancer may be useful as a marker for 
distinguishing patients with relatively poor prognosis 
Irom those who might benefit from adjuvant treatment 
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Discussion 

Our current sludy illustrates the power of integrated 
functional genomic analyses for identifying putative 
oncogenes and for evaluaiing their potential clinical 
significance. Among the four identified oncogenes, three 
genes (PRDXL CALR, and KCIP-I) have been im- 
plicated in lung tumorigenesis. PRDX I is an antioxidanl 
protein involved in regulating cell proliferation, differ- 
entiation, and apopiosis. Kim et at. (2003) found 
PRDX 1 expression to be elevated in both Jung cancer 
and adjacent normal Jung tissue, suggesting that 
activation of PRDX I may enhance proliferation in lung 
canccr. CALR has a major role in Ca 2 * binding and the 
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PROX1 



EEF1A2 



CALR 



KCIP-1 



NFKB1 



Hgure I Confirmation by Southern. Northern, and Western blot 
analyses of increased DNA copies, transcript levels, and protein 
levels in Ihe lour genes identified in high-throughput analyses For 
comparison, we arbitrarily chose one gene. NFKBI, in which an 
increased protein level did noi correlate with genetic changes. The 
Moiling results arc consistent with the results from the COM array 
irj.tscnpi array. and proteomic analyses. Nor, indicates normal 
bronchial epithelial cell line. All the experiments were repeated at 
lensi three times with each cell line. Means of normalized to fl-aclin 
signal intensities on Southern, Northern, and Western blots; along 
with 95 /u confidence intervals, were calculated (/J-actin signals arc 
no shown m the ligure; two difTerent normal bronchial epithelial 
cell lines were used in the confirmation and onlv one normal cell 
line is shown in the figure). 



iranscripuonal regulation or other genes and was 
recently found to be overexprcsscd in 73% of 40 lung 
adenocarcinomas (Oates and Edwards, 2000) KCiP-l 

S'fSS? l °, thc ,4 " 3 " 3 fami,y ' whicn P<™'C'Pates via the 
und Wnt signaling pathways in the regulation of 
many cellular processes including cell proliferation and 
olcv en [ !! atl0n aS we!l as lum origenesis (Thomas et at., 
-005). KCfF-/ was recently found to be expressed in all 
I* lung tumors tested in a single-institution study (Qi 
<'/ al 2005). Interestingly, EEFIA2 was originally 
considered a putative oncogene in ovarian cancer on 
the basis of its being amplified in 25% and over- 
expressed in 30% of the same set of ovarian tumors 
Anand et a/., 2002); functional analyses have esub- 
™ 'J? oncogenic role in cellular transformation (Lee, 
2003). Our discovery that EEFIA2 may be a putative 
oncogene in lung adenocarcinoma demonstrates the 
power ol our functional genomic strategy for rapidly 
identilying potential oncogenes. 

Although the main rocus of this study was to 
spccilically identify putative oncogenes, it should be 



noted that 90.7% of the genes showing high protein 
expression did not show corresponding increases 
in both DNA copy number and transcript, a finding 
consistent with that of others that transcriptional, 
translattonal, and post-lranslational regulatory mecha- 
nisms can greatly influence the abundance of protein 
m lung tumorigenesis (Chen et at., 2002). For example, 
NFKBI is a critical arbiter of immune responses, 
cell survival, and transformation and is often activated 
in several types of tumors (Chen et aL y 2002) De- 
regulation of NFKBI is thought to be modulated 
through phosphorylation of Ser337 by protein kinase 
A (Chen et af., 2002). Tn our study, 68.8% of the 
genes showing over-representation in the genome 
did not show elevated transcript levels, implying 
that at least some of these genes are 'passenger' genes 
that are concurrently amplified because or their 
location with respect to amplicons but lack bio- 
logical relevance in terms of the development of lung 
adenocarcinoma. 

Although the potential oncogenes we identified here 
are likely to be important, certainly other oncogenes 
could be involved in the development of lung adeno- 
carcinoma. The oligo microarray we used consists of 
22000 probes, which represent only about 60% of the 
human genome. Moreover, each probe was designed for 
the 3' region of expressed sequence tags of the selected 
genes. Also, our results were initially derived from 
cancer cell lines, although the findings were later 
confirmed in human tissue samples. Our ongoing study 
using microarrays with information on more genes 
and the development of high-resolution proteomic 
analyses for use with larger numbers of specimens will 
allow more comprehensive analyses of the molecular 
consequences of gene amplifications. Such expanded 
analyses will very likely lead to the identification of 
additional oncogenes. 

Some of the results of our current study were 
comparable to those of other studies of lung cancer. 
J:iir_xxainpk^gcno^^ 
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of KCIP-I were previously found to be amplified and 
overexpressed in primary lung cancers by cDNA clone- 
based CGH array analysis (Jiang et a/., 2004) and 
proteomic analysis (Chen et aL % 2002), respectively. Our 
functional genomic approach, which integrates simulta- 
neous CGH, transcript microarrys, proteomic analyses, 
and siRNA, allows us not only to quickly identify 
potential oncogenes but also to explore their significance 
as diagnostic and therapeutic targets in tumor progres- 
sion - more than could be achieved by any technique 
alone. 

Genes identified in this way may serve as promising 
targets for diagnosis and therapy in lung adenocarci- 
noma. Further research on the clinical implications of 
such genes is needed; experiments now underway in our 
laboratory include overexpression of the genes in 
normal cells, disruption of the function of these genes 
in cancer cells, and investigation of how interactions 
among these genes (or interactions with other known 
oncogenes) may mediate the expression of the trans- 
formed phenotype. 
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adfnocarcin^S' -„ C T«h T^bSS&Xf 2 n( ^°? ta '«"" "^«i„ 0m as. (., CclU from a lung 

ca.lmm.ric probe) (original Sfioto /jffrl'^hin {E r BF ' A2) than * d »6nals (chromosome 20 

a show, slr „„ s GEFI A ! slainir^ cTwp^ 'icl A Edc™^'"' SU " n ', ne ^ ^ lhe ^ lissue """P 1 ' " " P""" 
ceniroracric probe, indicating no EEFU1 Sfi^ii™^?- - ° caran ° ma . sam P lc *'lh»wo copies of ££«^i and chromosome 20 
from *^ - SfjSS&SK SMSST * stolnin, of cell. 



Materials and methods 

Cell lines 

Six human lung adenocarcinoma cell lines (H23 H229 HI 79? 
SK-LU-I H522, and HI563) were obtained from the 
American Type Culture Collection (Manassas VA USA) 
— ^iuwm^FOwhM^ pkhc l ui l cell li n u were obtained fiom - 
Clomech (Palo Alto, CA, USA). Genomic DNA, mRNA, and 
proiein were derived from a single harvest of these cells. 

ON A and RNA profiles by microarrav analysis 
Genomic DNA labeling and. hybridisation were performed as 
described previously (Barrett et <//., 2004) with Agilent \s 
Human IA Oligo Micmarray (V2) (Agilent Technologies. 
Palo Alio. CA, USA), which contains 22000 unique 60-mer 
ohgos Details of lhe protocol Tor analysing transcripts are 
available at hltp://www.cheni.agi!ent.com. Map positions for 
arrayed genes were assigned. by identifying the DNA sequence 
represented in the UniGene cluster and matching it with the 
Golden Path genome assembly (http://genome.ucsc.edu/; Mat 
/. 2U04 rreeze). Microurray images of DNA copy number and 
expression were analysed by using AgilcntCGH Analytics and 
Feature Extraction software. DNA copy number profiles that 
deviated significantly Tram background signal ratios (measured 
from normal control cell hybridization, as described elsewhere- 
Barrett et at.. 2004) were interpreted as evidence of true 
difTca-nces m DNA copy number. The criteria for defining 
genomic ovcr-reprcscniation and amplicons arc described 
elsewhere (Hyman r, ,,/.. 2002); details arc uiven in the 
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Supplementary Information. An increase in mRNA level was 
defined as a twofold increase in signal ratio relative to that of 
the control (log 2 > I). 

Quantitative two-dimensional PAGE and mass spectrometry 
Analysis of proteins by two-dimensional PAGE and their 
loentmcation by mass spectrometry were performed as 
previously described (Shen et at., 2004). Briefly, protein pellets 
were solubihzed tu rehydration buffer, after which the first- 
dimension isoelectric focusing was carried out with a Protean 
IEF Cell (Bio-Rad Laboratories) and the second-dimcasion 
separation was carried out with Dio-Rad's Ready Gel Precasi 
Gels and the Bio-Rad Criterion Cell apparatus. Protein spots 
were visualized by silver-based staining, and all gels were 
assessed with Bio-Rad's PDQuest 2D gel image analysis 
software. Selected spots were subjected to in-gcl tryptic 
digestion and analysed on a Voyager-DE PRO matrix-assisted 
laser desorption ionization/time-of-night mass spectrometer 
(Applied Biosystems, Foster City, CA, USA). The mass list of 
the 20 most intense rnonoisotopic peaks for each sample was 
entered in the MS-Fit search program (v3.2.l) (http:// 
prospector.ucsf.edu/ucsft>tml4.0/msfit.htm) and searched in 
the National Center for Biotechnology Information protein 
database. 

Southern, Northern, and Western blot analyses 
Southern, Northern, and Western blot hybridizations were 
performed according to standard protocols. cDNA clones for 
the tested genes were purchased from Invitrogen (Carlsbad, 
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CA USA) and prepared us probes for ihe blot hybridizations 

nS'^Tp ,^ « b,ained US r °"° ws: PRDXI " CALR 
. r £ ' ?" d /- acl " 1 rr °«" Sana Cruz Biotechnology 
( Cru^ CA, USA); and EEFIA2 from Upstate Biotech- 
nology (Waltham, MA, USA). 

Fluorescence in situ hybridization and imnnmohhtochemical 
analyst* of lung tissue mlcnwrayi 

•mZT„r k r.p''," hy , b ^^ ,ions and '"""""ohistochcmical 
y i °™ t,p -' and EEH A2 were carried out as described 
elsewhere (Jiang ,, „/., 2002; Wang el al.. 2005) wKng 
Tissue Microarrays (Ambion, Austin. TX, USA) and II 

u Tn^ mC !r T l y ? i0 ? ks c °'" a ''™S *•« samples from 
113 p..l.enLs w.lh palhologic stage I non-small-ccll lung cancer 
. (Wang 20 O5). DNA probes specific for KCIP-I and 

ttFIA2 were obtained by screening a Human BAC Clone 
hbrary ( nv.trogcn) hy polymerase chain reaction as described 
previously (J.ang c, at.. 2002). The antibodies used lor the 
immunoh, s iochcm 1C al analyses were the same as those used 
lor the Wcscrn blotting. Cell proliferation of .he lung tissues 
was assessed w,lh a Ki-67 monoclonal antibody from j££ 
Ciuz B.otechnology. Definitions of the cutoff value for a 
Kmation ° unubod y arc sl «>wn in Supplementary 

aSy1iJ ranS/Ce ' i0n ' Ce ""' ar " r0lifera ' ion «*»>• <>rxi opaptosis 
Translations were carried out by using siPORT Lipid 
ll*rr*Tl 8l ' nl < Ambion > wilh siRNAs targeting KCTP-I 
mh,™ \rL°L W "i ? Knm ^ «RNA duplex (siControl) 
(Dnarmaeon Inc.. Lafayette, CO. USA), with PBS used as a 
negative control (Jiang et al., 2002). Cells were fixed 24. 48 or 
9ft n later and subjected to further tests. All siRNAs were 
P DKf* y usm8 a tra ««ript»on-based method with Silencer 
siRNA^accord.ng to the manufacturer's instructions (Am- 
b'on) Sequences ot the individual siRNAs are listed in 
Supplementary Table 4S. Inhibition of cell growth by the 
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siRNAs was determined by MTT suiining. and cell growth 
rate was plotted against the percentage or viable cells in the 
'TS T lr0 ' 5 <a Vi,lue al 100%) (Jiang 

JLSt^? % - Ap ? plos,s was ana 'y« d by fluorescence cell 
21- .1 ^?L of termmal deoxynucleptidyl transferase- 
dL £ P " ^ with FJTC-labeled dUT? 

^ZZimT am Biochemica,s - Mannheim ' Ge ™ n '> 

Statistical analyses 

Relationships between gene copy number and mRNA level 
f desc "hed elsewhere (Hyman et al.. 2002. 
Supplementary Information). Correlations between protein 
abundance and DNA copy number and mRNA expression of 
the corresponding genes were evaluated with the Spearman 
correlation coefficient. Fisher's exact .est and *Mcsa were 
used to analyse associations between amplification and 

vaS" Cand , idale 861,68 wi,h varic,us ^topaihologk 
variables or the samples in the tissue microarrays. Univariate 
and multivariate analyses were carried out with Cox's 
proportional hazards model to determine which independent 
P ua °tl m I?n«« aVe 8 j ° 5m si 8" ifi «»« influence on survival. A 
Rvalue «0.0S was considered statistically significant: all 
stat.st.ca) tests were based on a two-sided .significance level 
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